1. Introduction
===============

The treatment methods and techniques of coronary heart disease (CHD) were improved in recent decades due to its high morbidity and incidence. One of the most important treatment methods is peripheral percutaneous interventions (PPI), which can reduce the occurrence of death, heart failure (HF), malignant arrhythmias, and other severe complications. However, this new technique has some side effects. In-stent restenosis (ISR) is still a serious complication, especially, associated with stent insertion in percutaneous coronary intervention (PCI),^\[[@R1],[@R2]\]^ despite the great improvement of interventional technology and interventional materials these years. Some studies indicated that ISR had reduced from 40% to 50% in the era of percutaneous transluminal coronary angioplasty (PTCA) to 20% to 40% in the era of bare-metal stent (BMS). Although the advent of drug-eluting stents (DES) had greatly reduced the incidence of ISR, the incidence rate was still 5% to 10%.^\[[@R3]\]^ It is found that antiplatelet agents such as aspirin and clopidogrel can significantly reduce the incidence of early thrombosis after interventional therapy, but there is no significant role of ISR in late stage.

The specific mechanism of ISR is not clear, but it is generally believed that the formation includes 3 links that are independent and interrelated. The essence of ISR is an excessive healing response of the body to arterial injury and it is a complex biological process mediated by a series of inflammatory substances and growth factors. Studies found that there are many clinical and angiographic factors contributed to ISR among patients received stent implantation including platelet deposition, diabetes, drug therapy, thrombosis, the length of their coronary artery, the degree of artery stenosis, plasma tissue factor, and other remnants of vascular repair response.^\[[@R4]--[@R6]\]^ Besides, several biomarkers of inflammation and coagulation were reported as of ISR such as high-sensitivity C-reactive protein (hs-CRP).^\[[@R7]\]^ While some studies indicated that the association of hs-CRP with PCI for ISR, was still a controversial issue.^\[[@R8]\]^ Therefore, we conducted this systematic review and meta-analysis to evaluate the long-term prognostic significance of hs-CRP to ISR inpatients of CHD receiving stent implantation.

2. Materials and methods
========================

2.1. Search strategy
--------------------

Two authors (LX and YC) independently searched the PubMed, Embase, and Cochrane databases to identify relevant studies published up to October 30, 2016, using the keywords "in-stent restenosis," "high-sensitivity C-reactive protein." A manual search of the reference of retrieved studies for additional relevant publications was also performed. Ethical approval was not necessary because this is a meta-regression analysis.

2.2. Inclusion criteria
-----------------------

Studies were included if they met the following criteria: used a well-defined case--control design or cohort design; clearly stated hs-CRP as a major exposure in ISR among patients of CHD receiving stent implantation; and presented odds ratios (OR) for mortality with a 95% confidence interval (CI) or reported sufficient data to calculate these parameters.

2.3. Statistical analysis
-------------------------

Dichotomous data were analyzed by using an OR or hazard rate (HR) with 95% CI. Heterogeneity among studies was assessed by using Cochrane *Q* test and *I*^2^ test. Sensitivity analysis and meta-regression analysis was performed to determine the influence of each study on the overall results by excluding studies sequentially when considerable heterogeneity was indicated by *I*^2^ \> 30% or *P* \< .05, otherwise, the fixed-effects model was used to attain the summary estimates. Funnel plots and the Egger test were adopted to evaluate the potential publication bias. Statistical analyses were performed using Stata software version 11 (StataCorp LP, College Station, TX), and a 2-sided *P*-value ≤.05 was considered statistically significant.

3. Results
==========

3.1. Search results and study characteristics
---------------------------------------------

The workflow of identifying eligible studies is shown in Fig. [1](#F1){ref-type="fig"}. There were 567 studies identified through database searches, including 153 from PubMed, 204 from Embase, and 210 from Cochrane. After reviewing titles, excluding the duplicates or irrelevant studies and reviewing abstracts, 37 full-text articles entered the detailed review. Subsequent full-text review helped to exclude 31 studies that did not report the relation between hs-CRP and ISR or indicated the prognostic significance of hs-CRP to ISR. Finally, we included 6 published studies with full text in this meta-analysis. The characteristics of each study are displayed in Table [1](#T1){ref-type="table"}.^\[[@R9]--[@R14]\]^ There were 1156 CHD patients, a total of 885 stents were implanted and 194 ISR events during follow up 6 to 12 months of follow-up.
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3.2. The risk of higher hs-CRP to ISR
-------------------------------------

There are 2 dates of hs-CRP in study 3, 5, and 6, which indicated on-admission and follow-up, but the level of hs-CRP only included the front in the other papers. We conducted a random-effects meta-analysis and found that the presence of the higher hs-CRP level in patients with CHD was associated with a significantly increased risk for ISR who had received stent implantation (OR: 1.16; 95% CI: 1.01--1.30). In accordance, *I*^2^ was 98.5% (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}), indicating considerable heterogeneity across included studies.
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3.3. Subgroup analyses
----------------------

We performed subgroup analysis subject to the hs-CRP level of on admission and follow-up. The higher hs-CRP level of follow-up (OR: 1.26; 95% CI: 1.05--1.48, *P* \< .001) were shown to be significantly associated with increased risk for ISR events, while the results showed that there was no statistical significance on admission (OR: 1.07, 95% CI: 0.88--1.27, *P* \< .001) (Fig. [3](#F3){ref-type="fig"}). Considerable heterogeneity was observed (up to 98.9%) in follow-up hs-CRP subgroups, and tests for heterogeneity between subgroups were likely to be invalid.
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When we performed subgroup analysis subject to hs-CRP level of plasma and serum, the result showed the prognostic significance of hs-CRP in plasma (OR: 3.38, 95% CI: 3.12--3.63, *P* \< .001) to ISR among patients after stent implantation, while in serum does not have statistical significance (OR: 0.10; 95% CI: −0.08 to 0.27, *P* \< .001) (Fig. [4](#F4){ref-type="fig"}). This heterogeneity still could not be resolved by the aforementioned subgroup analysis.
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3.4. Publication bias
---------------------

A funnel plot for the 6 eligible studies showed that balanced diffusion is shown in Fig. [1](#F1){ref-type="fig"}, suggesting no considerable publication bias across included studies. Egger\'s regression was used for confirmation and yielded a similar result (*z* = 0.63, probability \> \|*z*\| = 0.532) (Fig. [5](#F5){ref-type="fig"}).
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3.5. Sensitivity analysis
-------------------------

The results of a sensitivity analysis showed that when exclusion of study 3, the 95% CI changed to 0.66 to 1.01, when exclusion of study 5, the 95% CI changed to 1.30 to 1.62 (Fig. [6](#F6){ref-type="fig"}).
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3.6. Meta-regression analysis
-----------------------------

By using the survival regression analysis of the original paper as a variable, the result of meta-regression analysis shows that the result of study 5 and 6 was due to heterogeneity. The proportion of between-study variance explained with Knapp--Hartung modification (*P* = .009).

4. Discussion
=============

ISR was defined as in-stent narrowing of at least 50% or within 5 mm proximal or distal to the stent, which is more occurred in 2 months after stent implantation. The rate can be even high to 15% to 35% despite the advancement of stent, drugs, and technology of PCI, which can reduce the occurrence of restenosis to a certain extent.^\[[@R9]\]^ Once ISR happened, it means the probable occurrence of angina, acute myocardial infarction (AMI), malignant arrhythmia, acute left HF, stroke, etc. All of these could lead to death without timely rescue. Hence, it is extremely urgent to find the high-risk population and predict the occurrence of ISR among people after stent implantation. As a result, mortality will be reduced and medical resources will be saved through early found and intervention.

The study^\[[@R15],[@R16]\]^ indicated that ISR was largely related to diabetes, long lesions, multivessel diseases, and bifurcation lesions. Among the biological factors, high plasma levels of hs-CRP and IL-6 had been found to predict the risk of restenosis for a long time and it was published in *J Am Coll Cardiol*, *Am J Cardiol Heart*.^\[[@R17]--[@R20]\]^ On the other hand, there were some different findings reveal that hs-CRP did not predict restenosis in patients undergoing PCI with stenting despite it was significantly increased in these people.^\[[@R13],[@R14],[@R21]\]^ Some studies even reported that ISR was observed with similar rates in patients with elevated hs-CRP levels compared to normal levels.^\[[@R21]\]^ We designed this meta-analysis including 6 studies and 1156 patients and exposed the long-term prognostic significance of hs-CRP to ISR among patients receiving stent implantation.

Hs-CRP, a landmark for oxidative stress, has been used as a reference for inflammatory diseases for a long time.^\[[@R22]\]^ Compared to other biomarkers such as Cys C, total cholesterol (TC), and triglyceride (TG), the hs-CRP level is higher in patients with CHD and in ISR patients although no differences in terms of medication were present after stent implantation.^\[[@R10],[@R23]\]^ Hoshida et al^\[[@R24]\]^ reported that there was a persistent increase in hs-CRP associated with the risk of restenosis in patients with stable angina but not receiving statins. Gaspardone et al indicated that inflammation plays an important role in complications of PCI. It was related to arterial injury, he explained it, both after balloon dilation and after stent implantation. Apart from this, multiple inflammatory factors such as cytokines and chemokines were involved in the neointimal tissue response at the site of coronary stenting.^\[[@R25]\]^ Therefore, recent reports have shown hs-CRP can be used to predict not only early stent thrombosis but also long-term ISR including 6, 8, and 12 months.^\[[@R8],[@R10],[@R26]\]^

Hon-Kan Yip et al^\[[@R13],[@R14]\]^ reported that circulating concentrations of hs-CRP were elevated preprocedure distinctly in patients with unstable angina and declined thereafter. Nonetheless, it was not useful in predicting late restenosis after coronary stent implantation. This study, which is associated with a different outcome, has been included in our study, leading to our study with considerable heterogeneity, despite this, hs-CRP still can be used to predict ISR in patients with CHD after stent implantation through our analysis. If we took these 2 articles out, it would be observed that the predictor value became much higher. Apart from study 5 and 6, the sensitivity analysis showed exclusion of study 3 results became lower because it had a much higher sample size of China almost half of all the studies and the recruitment times from 2007 to 2009, that is just why we cannot exclude it from the meta-analysis.

Niccoli et al^\[[@R27]\]^ evaluated the association of optical coherence tomograph (OCT) characteristics of neointimal with systemic concentrations of hs-CRP which was measured when ISR occurred. They did not find significant differences between patients with high and low levels of hs-CRP according to stent type and time from stent implantation while patients with high hs-CRP levels had a higher restenosis tissue symmetry ratio compared to patients with low hs-CRP levels. The differential distribution of shear stress and its effects on neointimal tissue shape mediated by hs-CRP release can explain the association between the high levels of hs-CRP and the growth of restenotic tissue. Indeed, coronary stent implantation changes vessel geometry and, consequently, under disturbed flow and or low endothelial shear stress, increasing the risk of ISR.^\[[@R28],[@R29]\]^

As a result, we can identify the mechanism of ISR and select appropriate treatment strategies to prevent the occurrence of ISR through measuring hs-CRP level.^\[[@R27]\]^

Some studies have demonstrated the association of hs-CRP with ISR both on admission and during follow-up in a large number of patients.^\[[@R30]\]^ While Zairis et al^\[[@R31]\]^ showed that hs-CRP on admission was not related to restenosis in patients with stable unstable coronary diseases at 1-year follow-up. The next year, Dibra et al^\[[@R21]\]^ indicated the same opinion at 6-month follow-up in SA patients. In the subgroup analysis of our study, we also found that hs-CRP level follow-up (6--12 months) may be used to predict the occurrence of ISR after patients with CHD undergone PCI therapy while hs-CRP expression on admission or basic level cannot.

Another subgroup data analysis subject to the hs-CRP level of plasma and serum, then found the prognostic significance of hs-CRP in plasma to ISR among patients after stent implantation while in serum does not have the same outcome. It means that we should use plasma hs-CRP rather than serum hs-CRP to predict the ISR.

Among the included articles, only the 2nd, 3rd, and 4th study adjusted factors when analyzing the prognostic of hs-CRP to ISR. Zhao et al^\[[@R10]\]^ indicated that only higher level of TB (total bilirubin) and TC, cystatin C, and hs-CRP have the prognostic significance. Xu et al^\[[@R11]\]^ indicated that apart from hs-CRP, only diabetes and number of implanted stents had the prognostic significance. While in the number 4 study, hs-CRP, IL-10, IL-6, glucose, triglycerides, diabetes, stent length, and minimal luminal diameter (MLD) (poststent implantation) were significantly predicted the ISR.^\[[@R12]\]^

To our knowledge, this is the first meta-analysis to demonstrate the association of hs-CRP with ISR that is probably explained as an inflammatory reactor. Through further subgroup analysis, we indicated that we should measure plasma hs-CRP and not only depend on hs-CRP on admission but also remeasure its follow-up. However, the underlying mechanism remains to be elucidated, and further large-scale observational studies can help confirm the prognostic value of hs-CRP to ISR.

4.1. Limitations
----------------

There were several limitations in our study. First, our selection criteria for studies, which were restricted to those published in English, might produce language bias. Second, among the 6 included studies, there are 5 studies come from Asia and only 1 study comes from European which brings the difference in race and population. Third, high heterogeneity was observed in the analysis of the prognostic value of hs-CRP to ISR in patients after stent implanting in the long-term. Subsequent meta-regression of hs-CRP derived from serum or plasma and hs-CRP derived from on admission or follow-up failed to identify significant sources of heterogeneity. Since we use SMD as pooled effects for the continuous data as hours, the discrepancies in the acquisition of outcomes among different studies may affect the homogeneity of the results. Apart from this, we are not able to delineate the different laboratory testing methods on the current finding in our meta-analysis due to insufficient data. All of these may contribute to heterogeneity and bias among the studies and affect the quality of the meta-analysis.

5. Conclusions
==============

In summary, our study is the first meta-analysis demonstrating that the presence of hs-CRP in patients with CHD after stent implantation is associated with an increased risk for ISR, which makes it a potential marker of prognosis in ISR both on admission and in follow up. Findings from the present study may reinforce the knowledge of practical predictive methods for ISR to reduce the risk of sudden death in patients with CHD.
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